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REMARKS 

In the Office Action dated December 31, 2003, an incorrect dependency in 
claim 31 was noted by the Examiner, which has now been corrected. 

Claims 1, 2, 6, 11, 12, 22, 23 and 27-29 were rejected under 35 U.S.C. 
§1 02(b) as being anticipated by Glace. Claims 7 and 8 were rejected under 35 
U.S.C. §1 03(a) as being unpatentable over Glace. Claims 13, 14, 30 and 31 were 
rejected under 35 U.S.C. §1 03(a) as being unpatentable over Glace in view of Desai. 

Claims 15-21 and 32-35 were allowed, and claims 3-5, 8, 10 and 24-26 were 
stated to be allowable if rewritten in independent form. 

The above rejections are respectfully traversed for the reasons set forth 
below, and therefore the claims that were stated to be allowable if rewritten in 
independent form had been retained in dependent form at this time. 

The following arguments in support of patentability apply to each of 
independent claims 1 and 22. In general, it is Applicants' position that the Glace 
reference does not obtain or employ unipolar signals at all, as required in claims 1 
and 22, and further it is the Applicants' position that the signals that are obtained in 
the Glace reference (which are bipolar signals) are not analyzed for the purpose of 
indicating a cardiac rhythm abnormality, as also required in claims 1 and 22. 

With regard to the lack of a teachings in the Glace reference to obtain or use 
unipolar signals, Applicants submit the following comments. 

Each of independent claims 1 and 22 requires that unipolar electrical signals 
be obtained from cardiac tissue via the plurality of electrodes disposed at the tip of 
the cardiac lead. These unipolar signals are then analyzed with regard to their time 
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relationships to obtain an analysis result, which is then used to detect the presence 
of a cardiac rhythm abnormality. 

In substantiating the rejection of claims 1 and 22 as being anticipated by the 
Glace reference, the Examiner stated the electrical signals obtained by the 
electrodes in the device disclosed in the Glace reference as considered to be 
unipolar in nature "by virtue of the fact that each electrode produces an independent 
electrical signal (see Fig. 5 wherein electrode one produces signal 23, electrode two 
produces signal 24, and so on)." The Examiner further stated that "if electrodes one 
and two were combined in a bipolar arrangement, each pair would result in one 
signal." 

As the Examiner is aware, the terms "unipolar" and "bipolar" are well known 
terms to those of ordinary skill in the field of cardiac stimulation, and they have 
unambiguous, well known meanings to such persons of ordinary skill. The individual 
electrodes disclosed in the present application are unquestionably unipolar, and the 
signals obtained therefrom thus are unipolar signals. Such signals are not the same 
as signals obtained from bipolar electrode arrangements. Applicants submit that the 
Glace reference is unquestionably an example of a system using a bipolar electrode 
arrangement, and therefore the signals obtained and analyzed in the Glace system 
are unquestionably bipolar signals. Applicants recognize that the Examiner is 
required to give terms in a patent claim their broadest reasonable meaning, however, 
the Examiner is not at liberty to disregard well-known and well-understood meanings 
of terms in the field to which the claimed subject matter pertains. 

Attached hereto as Attachment "A" are pages from a pacing glossary, 
providing the basic definitions of "unipolar" and "bipolar" as those terms are 
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understood by those of ordinary skill in the art. The term "unipolar" is used in the 
present application consistent with the well-understood meaning that it has to those 
of ordinary skill in the field of cardiac stimulation and sensing. Also attached hereto 
as Attachments "B" and "C" are excerpts from cardiac pacing texts, explaining the 
well-understood differences between unipolar signals (i.e., signals obtained with a 
unipolar electrode arrangement) and bipolar signals (i.e., signals obtained with a 
bipolar electrode arrangement). 

The fact that the Glace reference is concerned exclusively with bipolar 
sensing, and analysis of bipolar signals, is made clear at a number of locations in the 
Glace reference. Figures 1a and 1b of the Glace reference illustrate the "probes" 
that are used to obtain the signals in the Glace reference that are analyzed to 
determine cardiac rhythm abnormalities. Each of those probes clearly has two 
electrodes, numbered 1 and 2. Figure 1a shows an epicardial probe and Figure 1b 
shows an endocardial catheter. In all instances, the signals that are analyzed are 
obtained between or across the electrodes 1 and 2. Applicants therefore disagree 
with the Examiner's statement that Figure 5 shows a signal 23 that is produced by 
electrode 1 and a signal 24 that is produced by electrode 2. In the paragraph 
beginning at column 5, line 28 of the Glace reference, it is clear that the electrodes 
are always being considered in pairs, and thus it is clear, despite the somewhat 
imprecise language in the paragraph beginning at column 5, line 53, that the signals 
23 and 24 and 26 and 27 shown in Figure 5 are obtained from electrode pairs, rather 
than from individual electrodes. 

This is explicitly stated in the Glace reference at column 2, lines 10-11, 
wherein the probe is stated to be composed of at least one assembly of two sensors 
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(the sensors being the aforementioned sensors designated 1 and 2 in the Glace 
disclosure). 

This is also made clear by the intentional arrangement of the electrodes in 
pairs shown in Figures 4a and 4b of the Glace reference. 

This is also made clear by the type of analysis of the aforementioned signals 
that is undertaken in the Glace reference, wherein so-called azimuth angles are 
obtained, with the "azimuth" being the straight line proceeding through the two 
electrodes in each pair. If the signals to be analyzed did not originate with an 
electrode pair having such an axis, there would be no point to determining an 
azimuth angle. In the case of a true unipolar electrode, there is no such thing as an 
azimuth angle because the signal originates from one electrode at the lead tip. 

Moreover, Figure 8 makes clear that even if the probes 1 and 2 are 
considered separately, each of those probes consists of two electrodes, which feed 
signals into respective amplifiers 34. Since both signals from electrodes proceed to 
the same amplifier 34, there is no way to separate those signals for subsequent 
analysis, as would be necessary if each of those signals were considered a unipolar 
signal. In other words, if the signals generated by the respective electrodes in the 
Glace reference were to be analyzed as unipolar signals, there would have to be a 
separate amplifier channel for each of those signals, contrary to what is shown in 
Figure 8 of the Glace reference. 

Therefore, it is clear that the disclosure of the Glace reference is exclusively 
concerned with obtaining signals with a number of bipolar electrode arrangements, 
and it is essential to the intended operation of the Glace system that those signals be 
analyzed in a manner that is dependent on the bipolar electrode arrangement from 
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which the respective signals were obtained. Not only is the sensing in the Glace 
reference undertaken exclusively with bipolar electrode arrangements, the signal 
analysis proceeds based on the knowledge that the signals were obtained in that 
manner. 

It is true that in an embodiment of the present invention one of the electrode 
dots can be used as a reference, but this does not mean that a voltage is measured 
across the reference electrode dot and another electrode dot. Use of one electrode 
dot as a reference means that the unipolar signal obtained with the reference 
electrode dot is subtracted from the respective unipolar signals obtained from other 
electrode dots. Forming a difference (subtracting) between two unipolar signals 
obtained from two electrodes, respectively, does not result in a signal that is the 
same as a bipolar signal across those two electrodes. 

Of course, each of the amplifiers 34 in the Glace reference has one output, 
however, the signal at each of those outputs, for the reasons discussed above, is not 
considered by those of ordinary skill in this field as being a "unipolar" signal. 

New claims 55 and 56 have been added that state that the number of unipolar 
signals that are obtained is equal to the number of electrodes. As noted above, even 
if the Glace reference (contrary to Applicants' assertions above) is somehow 
"interpreted" as disclosing unipolar electrodes, it is clear that the signals that are 
obtained and analyzed are not equal in number to the number of electrodes. In the 
Glace reference, the number of signals is one-half the number of electrodes. 

The Glace reference, therefore, does not anticipate either of claims 1 or 22, or 
any of the claims respectively depending from those independent claims. 
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Moreover, although a rejection of those claims based on the Glace reference 
under 35 U.S.C. §1 03(a) was not made, it should be clear from the above discussion 
that modifying the Glace reference to employ unipolar electrodes to obtain unipolar 
signals would destroy the intended operation of the Glace reference, since the 
purpose for using bipolar electrodes to obtain bipolar signals is crucial for the 
intended purpose of the Glace reference. 

This leads to Applicants further arguments in support of patentability, namely 
that the obtained signals (regardless of whether they are characterized as "unipolar" 
or "bipolar") in the Glace reference are not analyzed to identify a cardiac rhythm 
abnormality. The intended purpose of the system disclosed in the Glace reference is 
to analyze the phase shifts represented by the aforementioned sensor pairs by 
moving the probe relative to the myocardium to locate a position at which all of those 
phase shifts are zero. This is then taken to be the source of an existing cardiac 
rhythm abnormality. Therefore, in the Glace reference it is not a cardiac rhythm 
abnormality that is being identified or detected, it is a physical location. In the Glace 
reference, it is essential that a cardiac rhythm abnormality already be occurring when 
the aforementioned signals and phase shifts are obtained. If no cardiac abnormality 
were occurring, the location at which the phase shifts are zero could not be 
identified. The purpose of identifying this zero point in the Glace reference is to 
designate a location for cardiac ablation or excising. 

This is a further reason why the Glace reference does not anticipate either of 
claims 1 or 22, or any of the claims respectively depending from those independent 
claims. 
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Claims 7 and 9 add further steps to the novel and non-obvious method of 
independent claim 1, and therefore would not have been obvious to a person of 
ordinary skill in the art under the provisions of 35 U.S.C. §1 03(a) based on the 
teachings of the Glace reference, for the same reasons discussed above in 
connection with claim 1 . 

Similarly, even if the Glace reference were modified in accordance with the 
teachings of Desai, the subject matter of claims 13, 14, 30 and 31 still would not 
result, for the reasons discussed above. Claims 13, 14, 30 and 31, therefore would 
not have been obvious to a person of ordinary skill in the art under the provisions of 
35 U.S.C. §1 03(a) based on the teachings Glace and Desai. 

All claims of the application are therefore submitted to be in condition for 
allowance, and early reconsideration of the application is respectfully requested. 

Submitted by, 

StAs^-C^s/ u /\J(j(jP (Reg. 28,982) 

SCHIFF, HARDIN LLP 
CUSTOMER NO. 26574 
Patent Department 
6600 Sears Tower 
233 South Wacker Drive 
Chicago, Illinois 60606 
Telephone: 312/258-5790 
Attorneys for Applicants. 
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ATTACHMENT "A' 



Bipolar. Having two poles. In pacing 
and ICDs, a bipolar lead contains two 
distal electrodes. Bipolar pulse gen- 
erators are devices that can accom- 
modate such a lead. See also 
unipolar. 

Bipolar Lead. A pacing lead fitted 
with two electrodes at the distal 
portion of the lead. When adminis- 
tering a pulse or sensing electrical 
activity, the pulse generator equipped 
with a bipolar lead uses one electrode 
as the anode and one as the cathode, 
limiting its pacing and sensing to the 
tip of the lead. Bipolar leads typically 
result in relatively small spikes on the 
ECG. See also unipolar lead. 

Bipolar Pulse Generator. A pulse 
generator that can pace and sense 
with the distal two electrodes of a 
bipolar lead. 

Bit. An acronym for "binary digit"; the 
smallest unit of information that can 
be recognized by a computer. It can 
have only two possible values: 0 or 1 . 
See also binary code. 

Biventricular Pacinc. A pacing 
system that stimulates both ventricles 
in an effort to synchronize con- 
tractions and improve cardiac output. 

Blanking Period. A preset or pro- 
grammable interval (in ms) during 
which the sense amplifier of the pulse 
generator is temporarily disabled. The 
atrial or ventricular blanking period can 
begin with delivery of an output pulse 
or when the device senses intrinsic 
conduction. In dual-chamber pulse 
generators, the blanking period is 



intended to prevent inappropriate 
detection of signals from the opposite 
chamber (crosstalk). The first portion 
of the PVARP is an absolute'refractory 
period known as the post-ventricular 
atrial blanking period (PVAB). 

Block Response. An upper rate 
behavior in dual-chamber tracking 
modes in which the ventricular rate is 
one-half to one-third the native atrial 
rate. This occurs when the intrinsic 
atrial rate exceeds the programmed 
maximum tracking rate to a sufficient 
degree that only every "nth" P-wave is 
sensed and tracked and when the 
intrinsic atrial cycle length is shorter 
than the TARP. 

BPEG. See British Pacing and Electro- 
physiology Group; 

BPM. Abbreviation for beats per 
minute. Usually refers to an intrinsic 
heart rate, while pulses per minute 
(ppm) usually refers to the paced rate. 
See also ppm or min' ] . 

Bradycardia. Slow heart rate, 
usually defined as less than 60 beats 
per minute or any rate that is too slow 
to be physiologically appropriate for ' 
the patient's age, condition, and 
activity level. 

Bradycardia-Tachycardia 
Syndrome. A syndrome charac- 
terized by fast and slow heart rates, 
affecting the electrical conduction 
system of the heart, mainly the sinus 
node and the atrium. Atrial tachy- 
cardias (most often atrial fibrillation) 
are associated with sinus bradycardia 
and can cause sinus arrest when they 



terminate. Bradycardia-tachycardia 
syndrome is a subset of sick sinus 
syndrome, and is also called tachy- 
cardia-bradycardia syndrome and 
brady-tachy syndrome. 

British Pacing and Electrophy 
iology Group, a subdivision of tr 
British Cardiac Society which work 
closely with NA5PE. 

Bundle Branch Block (BBB). An 

intraventricular conduction- disorder 
which the conduction of electrical 
impulses through the right or left 
bundle branch is partially or com- 
pletely interrupted. Bundle branch 
block causes one of the ventricles t< 
contract before the other. 

Bundle Branch Reentrant Tachy 
cahdia. A form of ventricular tachy- 
cardia characterized by a successior 
0 bundle branch reentrant com- 
plexes. His bundle deflections can b 
recorded preceding each ventricular 
^Polarization. About one-third of th 
sustained monomorphic ventricular 
achycardias occurring in patients wil 
' cardiomyopathy are reported 
0 be of this type, which may be cure 
°y oblation of one of the key con- ■ 
auction pathways. 

Bu ndle of His: See His bundle. 

Bu *dle of Kent. See Kent bundle. 

'en R fh5 Y t CLELENCTH < BCL ).The 

tacK L 6 ( interval ) between ant 
Puis'J apacin 9. NIPS, or fibber 
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>4Y. An arrhythmia charac- 
•y repeating patterns of three 
ith one premature ventricular 
on following two normal 



ed. (1) A pulse generator's 
e to sensing in which a sensed 
ggers an output pulse. It is the 
) of 'inhibited response, in 
sensed event inhibits the 
julse. Examples of triggered 
nodes are AAT and 1/1/7". DDD 
J are also triggered modes 
n atrial event triggers a ven- 
)utput after a preset delay or 
)r PV interval. In the DDT 
i sensed event will also trigger 
ut in the ventricle after the AV 
Hay. (2) Events initiated by the 
or clinician, sometimes using a 
. For example; the patient- 
d event records. in Trilogy® 
ikers, or patient-triggered anti- 
rdia therapies, in ICDs. 

er's Syndrome. The con- 
x unconscious rotation of an 
ed pulse generator by a 
Constant manipulation of the 
through the overlying tissue 
coiling of the !ead(s) and may 
i lead fracture and/or gradual 
ing and eventual dislodgment 
>ad. 
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Underdrive Pacing. Pacing at a rate ' 
slower than a- tachycardia , which can 
sometimes interrupt and terminate a 
reentrant arrhythmia. 

Underlying Rhythm. The basic 
intrinsic rhythm on which the paced 
rate or certain arrhythmias may be 
superimposed, e.g. sinus arrest, 
sinoatrial (SA) exit block, atrial fibril- 
lation or AV block. 

Undersensing. The failure of the 
pulse generator to sense P- or 
R-waves, causing delivery of inappro- 
priately timed, asynchronous or com- 
petitive output pulses. Undersensing 
can sometimes be corrected by pro- 
gramming the device to a more sen- 
sitive setting, i.e., decreasing the mV 
value. In ICDs, undersensing may 
result in asynchronous pacing with 
subsequent double-counting of 
intrinsic and pacing pulses, which may 
cause tachycardia therapy to be 
delivered.' Conversely, undersensing 
may result in failure to detect a tachy- 
cardia rhythm and thereby prevent 
delivery of therapy. See also over- 
sensing. 

Unipolar. Having one pole. May refer 
to a lead with a single electrode or a 
pulse generator that can accom- 
modate such a lead. Unipolar is 
actually a misnomer, in that the circuit 
must have two poles (the pulse gen- 



erator case serves as the other pole) 
even if the lead itself does not. See 
also bipolar. 

Unipolar Lead. A lead with a single 
electrical pole at the distal tip of the 
lead (negative pole). The anode 
(positive pole) is the pulse generator 
case. The cathode is the electrode 
through which the stimulating pulse is. 
delivered. See also bipolar lead. 

Unipolar Pulse Generator. A pulse 
generator that can accommodate a 
unipolar lead and operate in a 
unipolar pacing and sensing configu- 
ration. 

Upper Limit of Vulnerability (ULV). 

The phenomenon in which there is a 
maximum energy level above which 
shocks delivered to the ventricle 
during repolarization will no longer 
induce ventricular fibrillation. This 
upper limit of vulnerability correlates 
closely with the defibrillation 
threshold. These observations, among 
others, led to the ULV hypothesis of . 
defibrillation, which states that shocks 
that fail to defibrillate the heart may 
actually stop and then reinitiate fibril- 
lation. 

Upper Rate Behavior. The behavior 
of the pulse generator when the 
sensed atrial rate exceeds the pro- 
grammed maximum tracking or 
maximum sensor rate. See also 
maximum tracking rate, maximum 
sensor rate, pseudo-Wenckebach. 

Upper Rate Limit Interval. See 

maximum tracking rate. 
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BASIC ASPECTS OF CARDIAC PACING 



than prolonging battery longevity, polarization impedance is 
detrimental. Polarization impedance is directly related to the 
duration of the pulse and can be minimized by the use of rela- 
tively short pulse widths. Polarization is inversely related to the 
surface area of the electrode. In order to minimize the effect of 
polarization (Z p ) but maximize electrode resistance (Z f ), the 
surface area of the electrode can be made large but the radius 
small by the use of a porous coating on the electrode. 114-1 17 
Electrodes constructed with activated carbon, 118-120 or coated 
with platinum black 121-124 or iridium oxide are effective in mini- 
mizing the wasteful effects of polarization. 

The evolution of pacing impedance is usually character- 
ized by a fall over the first one to two weeks following implan- 
tation 4659 ' 125 The chronic pacing impedance then rises to a stable 
value that is, on average, approximately 15 percent higher than 
at implant. Serial measurements of pacing impedance are ex- 
tremely valuable for the assessment of lead integrity; low im- 
pedance measurements usually reflect a failure of conductor 
insulation, and high values often suggest conductor fracture or 
a loose set-screw at the proximal connector. It should be em- 
phasized that the method of measurement greatly influences 
the impedance value. For example, if the pacing impedance is 
measured at the leading edge of the pulse, the value reflects Z c 
and Z e but not Z p . In contrast, measurements near the mid- 
point of the pulse are a more accurate reflection of total pacing 
impedance. For clinical purposes, serial assessments of imped- 
ance should utilize a consistent method of measurement. 

BIPOLAR VERSUS UNIPOLAR STIMULATION 

The term "unipolar" pacing is technically a misnomer, as both 
bipolar and unipolar configurations require an anode and a 
cathode to complete the electrical circuit. Because both uni- 
polar and bipolar pacing utilize an electrode in contact with the 
myocardium as the cathode, the difference in these configura- 
tions lies in the location of the anode. For unipolar pacing, the 
anode is the case of the pulse generator. The anode for bipolar 
stimulation is located on the pacing lead in the heart, either in 
contact with the endocardium or lying free within the cardiac 
chamber. The conductor impedance is slightly higher with bi- 
polar pacing, as two conducting wires are required. However, 
the stimulation threshold is usually identical with either elec- 
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SENSING 

L"? 8 ° f r the CardiaC electro g ra ™ is essential to the proper 
function of permanent pacemakers. In addition to responding 
to appropriate intrinsic atrial or ventricular electrograms per- 
manent pacing systems must be able to discriminate these sig- 
nals from unwanted electrical interference: far-field cardiac 

stimuli Inl P ° tentia !!' I" 61 " 31 mUSde S1 S nals « and P-ing 
stimuli. In this section, the basic determinants of electrogram 
sensing will be discussed. ""gram 

Intracardiac electrograms 

Intracardiac electrical signals are produced by the movement of 
electrical current through myocardium. An electrode that over- 
lies a region of resting myocardium records from the outside of 
cardiac myocytes, which are positively charged with respect to 
the inside of the cell. Despite this, an electrode in one region of 
resting myocardium will record a charge (and no potential 
voltage difference) similar to that recorded by an electrode in 
another region of resting myocardium. During depolarization 

to theSS ™ C f bCCOmeS eleCtdC3lly with respec 

to the inside. Therefore as a wavefront of depolarization trav- 
els toward an endocardial electrode that records from resting 
myocardium, the electrode becomes positively charged relative 
to the depolanzed region. This is manifested in the intracardiac 
electrogram as a positive deflection. As the wavefront of depo- 
arization passes under the recording electrode, the outside of 
the cell suddenly becomes negatively charged relative to rest- 
ing myocardium, and a brisk negative deflection is inscribed in 
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Slew Rate = dV/dt 



dV 




dt 

Figure 2.11 A typical bipolar ventricular electrogram in a normal 
individual. The sharp downward deflection in the electrogram rep- 
resents the intrinsic deflection and indicates the moment of activa- 
tion under the recording electrode. The slope of the intrinsic deflec- 
tion (dV/dt) is expressed in volts per second and is referred to as the 
slew rate. In order for an electrogram to be sensed by a sensing 
amplifier, the amplitude and slew rate must exceed the sensing 
threshold. 

the intracardiac electrogram. The peak negative deflection in 
the intracardiac electrogram, known as the intrinsic deflection 
(Figure 2.11), is considered the moment of myocardial activa- 
tion underlying the recording electrode. 127 The positive and 
negative deflections that precede and follow the intrinsic deflec- 
tion represent activation in neighboring regions of myocar- 
dium relative to the recording electrode. In clinical practice, the 
intrinsic deflection in the intracardiac electrogram is usually 
biphasic, with predominantly negative or positive deflections 
less frequently observed. 128 Because of the greater mass of 
myocardium, the normal ventricular electrogram is usually of 
far greater amplitude than the normal atrial electrogram. 
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Characteristics of intracardiac electrograms: The frequency con- 
tent of ventricular electrograms has been demonstrated to be 
similar to that of atrial electrograms. '» By using Fourier trans- 
formation, one can express the frequency spectrum of an elec- 
trical signal as a series of sine waves of varying frequency and 
amplitude. Fourier transformation of ventricular electrograms 
demonstrates that the maximum density of frequencies for R- 
waves is usually found between 10 and 30 Hz. 129 The effects 
of filtering the ventricular electrogram are shown in Figure 
2.12. As can be appreciated from the figure, removing fre- 
quencies below 10 Hz markedly attenuates the T-wave ampli- 



0.05 Hz 



30 Hz 



3 Hz 



100 Hz 



10 Hz 



300 Hz 



Figure 2.12 The effects of filtering on the bipolar atrial electro- 
gram are demonstrated in an individual. Note that low-pass filter- 
ing of the electrogram below 10 Hz has the effect of attenuating 
the far-field R-wave and T-wave. Filtering of frequencies greater 
than 30 Hz results in marked attenuation of the electrogram ampli- 
tude. The center frequency of most sensing amplifiers is approxi- 
mately 30 Hz. consistent with the typical frequency spectra of 
intracardiac electrograms. 
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tude without significantly influencing the R-wave. The T- 
wave is usually a slower, broader signal that is composed of 
lower frequencies, generally less than 5 Hz. 129 Similarly, the 
far-field R-wave in the atrial electrogram is composed pre- 
dominantly of low-frequency signals. 130 Therefore, by high- 
pass filtering of the intracardiac electrogram, many of the 
unwanted low-frequency components can be removed. In con- 
trast, the frequency spectrum of skeletal myopotentials ranges 
from approximately 10 to 200 Hz, with considerable overlap 
with the intrinsic R-wave and P-wave. 129 Although the high- 
frequency components can be removed with filtering, inappro- 
priate sensing of myopotentials remains a potential problem 
with the unipolar configuration. 131 ' 132 

In order for the intracardiac electrogram to be sensed by the 
sense amplifier of an implantable pulse generator, the signal 
must be of sufficient amplitude, measured in peak-to-peak volt- 
age. In addition, the intrinsic deflection of the electrogram must 
have sufficient slope. The peak slope (dVldt) of the electrogram 
(also known as the slew rate) is of critical importance to proper 
sensing (Figure 2.11). The sense amplifier of most pulse genera- 
tors has a center frequency (the frequency for which the ampli- 
fier is most sensitive) in the range of 30 to 40 Hz, so that frequen- 
cies greater than this are attenuated and less likely to be sensed. 
Components of the electrogram less than the center frequency 
are also attenuated, with the output of the filter proportional to 
the slew rate of the waveform. In general, the higher the slew 
rate of an electrogram, the higher the frequency content. Thus 
slow and broad signals with a low slew rate may not be sensed, 
even if the peak-to-peak amplitude of the electrogram is large. 
In clinical practice, the slew rate and amplitude of intracardiac 
electrograms are only modestly proportional. 133 Because of this, 
both the slew rate and the amplitude of the intracardiac 
electrogram should be routinely measured. 

Unipolar and bipolar sensing 

Although both unipolar and bipolar sensing configurations de- 
tect the difference in electrical potential between two electrodes, 
the interelectrode distance has a considerable influence on the na- 
ture of the electrogram. 134 If a transvenous bipolar lead is em- 
ployed for sensing, both electrodes are located in the heart with 
an interelectrode distance that is usually less than 2 to 3 cm. A 
unipolar lead utilizes one electrode in contact with the heart and 
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the other in contact with the pocket of the pulse generator, often 
with an interelectrode distance of 30 to 50 cm. Because both 
electrodes may contribute to the electrical signal that is sensed, 
the bipolar electrode configuration is minimally influenced by 
electrical signals that originate outside the heart. In contrast, the 
unipolar electrode configuration may detect electrical signals 
that originate near the pulse generator pocket as well as those 
from inside the heart. These features of unipolar sensing make 
this electrode configuration much more susceptible to inter- 
ference by electrical signals originating in skeletal muscle (myo- 
potentials). The myopotentials associated with pectoral muscle 
contraction may be sensed by unipolar pacemakers, resulting in 
inappropriate inhibition or triggering of pacing output, i. 31 - 132 Bi- 
polar sensing is relatively immune to myopotentials — a signifi- 
cant clinical advantage. Bipolar sensing is also less likely to be 
influenced by electromagnetic radiation from the environment 
than is unipolar sensing. 135 Electrical interference from micro- 
waves, electrocautery, metal detectors, diathermy, or radar is 
more commonly observed with unipolar than with bipolar 
sensing. 136-138 

A bipolar electrogram is actually the instantaneous differ- 
ence in electrical voltage between the two electrodes. Thus a 
bipolar electrogram can be constructed by subtracting the abso- 
lute unipolar voltage recorded at the cathode (versus ground) 
from the unipolar voltage recorded at the anode (versus 
ground). Because the bipolar configuration represents the signal 
at the cathode minus the signal at the anode, the net electrogram 
may be considerably different than that of either unipolar 
electrogram alone. For example, if an advancing wavefront of 
depolarization is perpendicular to the interelectrode axis of a 
bipolar lead, each electrode will be activated at exactly the same 
time. Because the unipolar electrogram at each electrode will be 
similar and inscribed at the same time, the instantaneous differ- 
ence in voltage will be minimal. In this situation, the bipolar 
electrogram will be markedly attenuated. A wavefront of depo- 
larization traveling parallel to the interelectrode axis of a bipolar 
lead will activate one electrode before the other. The resulting 
bipolar electrogram may have significantly greater amplitude 
than either unipolar electrogram alone. From these examples it 
should be recognized that bipolar sensing is more sensitive to the 
direction that the depolarizing wavefront travels than is 
unipolar sensing. Bipolar electrograms are more likely to be 
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influenced by phasic changes in orientation of the lead with 
respiration than are unipolar electrograms. Because of these con- 
siderations, the electrogram measured at the time of lead implan- 
tation should be recorded in the configuration that will be used 
for sensing by the pulse generator. 

Another significant difference between unipolar and bipo- 
lar sensing relates to the amplitude of far-field signals. 139 Be- 
cause of the significantly greater mass of the ventricles, the atrial 
electrogram often records a far-field R-wave (Figure 2.13). For 
unipolar atrial leads, the far-field R-wave may be of equal or 
greater amplitude than the atrial deflection. In contrast, the bipo- 
lar atrial electrogram usually records an atrial deflection that is 
considerably larger than the far-field R-wave. The programma- 



Lead II 



Uni-Ring 



Uni-Tip 



Bipolar 



Figure 2.13 Simultaneously recorded unipolar and bipolar atrial 
electrograms from the ring and tip electr des of a permanent pac- 
ing lead. Note that both of the unipolar electrograms record a far- 
field R-wave. The bipolar electrogram records a sharp atrial deflec- 
tion and markedly attenuates the far-field R-wave. Bipolar sensing 
is characterized by a relative immunity to far-field electrical events. 
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ble atrial ventricular refractory period of dual-chamber pace- 
makers has effectively reduced inappropriate sensing of far-field 
R-waves in the unipolar atrial electrogram. Despite this, far- 
field R-wave sensing remains an important concern with AAI 
pacemakers and requires the use of long refractory periods in 
occasional patients. Atrial antitachycardia pacemakers (AAI-T) 
that are designed to interrupt atrial tachycardias require the use 
of short atrial refractory periods in order to detect very rapid 
atrial rates. Because of concerns regarding the inappropriate 
sensing of far-field R-waves and myopotentials with unipolar 
sensing, antitachycardia pacing systems require the use of bipo- 
lar leads. 

The problem of far-field R-wave detection in the atrial 
electrogram has been addressed by Goldreyer and colleagues by 
the development of leads incorporating a pair of closely spaced 
electrodes placed circumferentially around the catheter. 140 - 142 
This concept, known as an orthogonal electrode array, uses elec- 
trodes that are separated by 180 degrees and float free within the 
atrial blood pool. The advantage of orthogonal sensing is that 
both electrodes record ventricular activation nearly simulta- 
neously, with a marked attenuation of the far-field R-wave and a 
greater signal-to-noise ratio. The improved signal-to-noise char- 
acteristics of orthogonal electrodes have allowed the use of more 
sensitive atrial amplifiers and increased reliability of atrial sens- 
ing. Orthogonal electrodes have also provided a method for 
dual-chamber (VDD) pacing that utilizes a single lead. 143 The 
single-lead concept utilizes an electrode at the tip of the catheter, 
which is placed at the right ventricular apex for ventricular pac- 
ing and sensing, and a pair of orthogonally arranged electrodes 
located more proximally along the catheter in the atrium for 
atrial sensing. 

Polarization 

Following application of a polarizing pulse, an afterpotential of 
opposite charge is induced in the myocardium at the interface 
of the stimulating electrode (Figure 2.14). Immediately after 
cathodal stimulation, an excess of positive charges surrounds 
the electrode, which then exponentially decays to electrical neu- 
trality. This positively charged afterpotential can be inappropri- 
ately sensed by the sensing circuit of the pulse generator with 
resulting inhibition of the next pacing pulse. 144 The amplitude 
of afterdepolarizations is directly related to the amplitude and 

57 




PHILIP VARRIALE, M.D. 



C hief of Cardiology and 
Attending Physician in Charge 
Cardiac Pacemaker Division 
■ Cabrini Medical Center 
Attending Physician in Cardiology 
St. Vincent's Hospital Medical Center 
Associate Clinical Professor of Medicine 
New York Medical College 
New York 



EMIL A. NACLERIO, M.D. 



Attending Thoracic Surgeon and 
Attending Surgeon in Charge 
Cardiac Pacemaker Division 
Cabrini Medical Center 
Consultant in Thoracic Surgery 



Harlem Hospital Center of Columbia University 



Clinical Professor of Surgery 
New York Medical College 



and 



New York 




A Concise Guide to Clinical Practice 




1979 



Philadelphia 



Library of Congress Cataloging in Publication Data 



Varriale. Philip. 1934r 
Cardiac pacing. 

Bibliography. 
Includes index. 



1. Pacemakers, Artificial (Heart) 1. Naclerio. Emil A . joint author. II. Title TDNLM 

pr«fo^ aC ' ^ n g ^ Art ' fiC,a, ■ 2 - Pacemaker, Artificial. WG 168.3 C267] ' LM ' 

KC684.P3V37 1979 617. 412 7Q_i*aqi 



617. 412 79-16691 

ISBN 0-8121-0668-7 



Served^Tfis'ho 9 ^" ^ & ^"u 8 ^ Co ™ ri ^ under the International Copyright Union. All right 
ZTZ Th '.\ book ls .P ro 'ected by copyright. No part of it may be reproduced in anv manner or b 
any means without written permission from the publisher. . manner or b. 

Published in Great Britain by Henry Kimpton Publishers. London 

PRINTED IN THE UNITED STATES OF AMERICA 



S 
by 



Print No. 3 2 



PHYSIOLOGIC BASIS OF CARDIAC PACING 



67 



has returned to a stable level prior to 
another QRS complex. During that period 
the myocardium is more sensitive to 
cathodal than anodal stimuli and. for a 
constant current stimulus, equally sensitive 
to cathodal and bipolar stimuli. Cardiac 
sensitivity to stimulation changes sig- 
nificantly during and immediately after the 
QRS complex during the relative refractory 
period. The phenomenon of pacemaker- 
induced ventricular fibrillation, in which the 
stimulus falls into the vulnerable period of 
the cardiac cycle, has been observed during 
bipolar stimulation in all published in- 
stances except one and is related to the 
anode of a bipolar electrode (Fig. 4-5). The 
threshold for pacemaker stimulus induced 
ventricular fibrillation decreases during 
myocardial ischemia, infarction, metabolic 
imbalance, and drug intoxication. 



Electrode Metal 

The metal for a pacemaker electrode 
must be: 

1. Electrochemically inert. 

2. Nontoxic. 

3. Resistant to electrolytic destruction. 

4. Of low electrical resistance. 

The electrode should not go into solution 
during passage of an electrical current, at 
least at the conventional pacing pulse dura- 
tion and output levels. Any salt formed 
during pacing should be nontoxic. If a metal 
meets these criteria only as a cathode, then 
it may be used only for unipolar pacing. 
Three metals have been successfully used 
for permanent pacing: 

1. Platinum with 10% iridium. 

2. Elgiloy. an alloy of cobalt, iron, 
chromium molybdenum, nickel, and 
manganese. 

3. A silver and stainless steel combina- 
tion. 

The threshold is a function of the reactiv- 
ity of the metal and the overvoltage devel- 



oped during passage of a current for cardiac 
stimulation. The more noble a metal, the 
lower this overvoltage and consequently 
the lower the voltage and current pacing 
threshold. Platinum-iridium has consis- 
tently lower thresholds than the more reac- 
tive metal. Elgiloy. Nevertheless, all three 
metals have been quite successful for long- 
term pacing, and the difference in threshold 
is inconsequential as a practical matter. 



Drug Administration and 
Electrolyte Balance 

Changes in electrolyte concentration 
have an effect on stimulating threshold. 
Potassium administration reduces threshold 
briefly, whereas potassium and insulin in 
combination increase threshold. Hyper- 
tonic sodium chloride increases threshold. 
Increasing P G ., has little effect; slight 
hypoxia increases threshold and marked 
hypoxia reduces threshold. Increase of 
Pco_. increases threshold and a decrease has 
little effect. 

Glucocorticoids and epinephrine and 
ephedrine decrease threshold. Isopro- 
terenol, aldactone, propranolol, verapamil, 
quinidine. and ajmaline all increase 
threshold. Digitalis, morphine, lidocaine. 
and procainamide have little effect. All of 
these agents, at the usual therapeutic 
levels, have little sustained effect on 
threshold and can usually be disregarded. 
Even where a pronounced immediate effect 
occurs, sustained administration is usually 
accompanied by a gradual return to base- 
line cardiac sensitivity. 



Unipolar and Bipolar Pacing 

Unipolar or bipolar cardiac stimulation 
refers to the number of electrodes attached 
to the portion of the heart to be stimulated. 
Atrial bipolar or unipolar and ventricular 
bipolar or unipolar stimulation exist. The 
presence of two electrodes, one in the at- 
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rium and the other in the ventricle with a 
common ground electrode, remote from the 
heart, is not bipolar pacing or sensing but 
rather unipolar. Whether the pacemaker is 
called unipolar or bipolar depends on the 
location of both electrodes. More impor- 
tant, all stimulation is really bipolar, as 
current flows from the negative terminal 
which must be attached to the heart and 
returns to the generator via the positive 
terminal which may be the ring of the 
bipolar endocardial electrode, a second in- 
tramyocardial elecrode identical to the 
negative lead (as in a thoracotomy implant) 
or a portion of the pacemaker case. 

The stimulus that drives the heart via the 
cathode will reach the pulse generator 
anode equally whether the anode is within 
the myocardium, the ventricle, or else- 
where in the body. The current threshold of 
cardiac stimulation is, therefore, a function 
of the stimulation aspects of the cathode, 
and it is equal for unipolar and bipolar 
configuration. The voltage threshold varies 
as a function of the resistance of the lead 
system. For example, the ring of a bipolar 
electrode is a much smaller and, therefore. 



TABLE 4-2 

Unipolar/Bipolar Pacing (Permanent Leads) 



UNIPOLAR 



BIPOLAR 



1 . 


Implantation 








Transthoracic 


Easier 






Transvenous 


Easier 




2. 


Threshold 








Current 


Equal 


Equal 




Voltage 


Lower 




3. 


Durabi lity 


Equal 


Equal 


4. 


Sturdiness 


Equal 


Equal 


5. 


QRS sensing 


Greater 




6. 


VF liability 




Greater 


7. 


Follow-up 


Easier 




8. 


ECG analysis 


Easier 




9. 


EMI 




Resistan 


10. 


Repa i r 


Easier 





a higher resistance contact than the case of 
a pulse generator. The large surface area of 
the anode of the unipolar generator pro- 
vides^ a lower resistance pathway and a 
lower voltage threshold. The difference is 
not great. Although more bipolar than uni- 
polar electrodes have been implanted, by 
far more manufacturers have provided uni- 
polar pacemakers, and these now dominate 
the field (Table 4-2). 



UNIPOLAR AND BIPOLAR SENSING 

The unipolar electrogram is the result of 
the passage of the depolarization wave 




Fig. 4—6. Typical unipolar ventricular electro- 
gram timed for its events against lead 2 and 
3. The pacemaker is triggered by intrinsic 
deflection, the vertical rapid indicator of the 
passage of current past the electrode. The 
elevated S-T segment is the "current of 
■injury." When the electrode becomes 
chronic, the S-T segment becomes isoelec- 
tric. Intrinsic deflection changes little in 
amplitude but decreases by about 40% in 
rate of development idv,dt). 



Fig. A 
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front past the intracardiac electrode (Fig. 
4-6). The subcutaneous, remote electrode 
is too far removed for any signal it detects 
to play any significant role in the net bipolar 
signal. Over 2000 electrograms recorded 
during pacemaker implant and pulse gener- 
ator replacement were analyzed for the fol- 
lowing: 

1. Configuration, i.e., morphology of the 
depolarization wave, the QRS com- 
plex. 

2. The amplitude of the complex. 

3. The rate of development (slew rate) or 
change in voltage as a function of time 
(dv/dt) of the ' intrinsic deflection," 
(ID), and the vertical straight line por- 



tion of the intracardiac signal which 
triggers the pacemaker. 
4. The presence of injury and repolariza- 
tion waves, the analogs on the periph- 
eral ECG or the ST segments and T 
waves. 

Additional signals occasionally appearing 
are far field and represent electrical activity 
distant from the electrode, i.e., skeletal 
muscle potentials, the contraction of the 
other ventricle, external electromagnetic 
interference, and occasionally stimuli from 
another electrode, as in AV sequential pac- 
ing system (Fig. 4-7). 

The bipolar signal results from the sub- 
traction of the signals from both cardiac 
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poles. Each individually presents a unipolar 
configuration: the interaction of the two 
produces the bipolar signal. If the bipolar 
axis is at right angles to the depolarization 
pathway the two signals are identical and 
simultaneous at each pole. These will can- 
cel, producing a small or zero bipolar re- 
sult. In this circumstance conversion from 
bipolar to unipolar increases the net signal. 
A parallel electrode orientation causes 
delay of the same signal at one pole relative 
to the other and can result in an augmented 
bipolar signal greater than either unipolar 
component. The delay also produces a sig- 
nal with two intrinsic deflections compared 
to the single intrinsic deflection of the uni- 
polar electrogram. During transvenous 
pacing the net bipolar signal also depends 
on the signal on the proximal electrode. If 
that electrode contacts contractile tissue, 
the ID will be large; if it is separated from 
viable tissue, the ID will be of small 
"amplitude and the rate of rise slow. In that 
instance the signal will be poor, and the net 
bipolar signal will be a reflection of the 
signal from the electrode tip. 

Comparison of a group of ventricular 
electrode bipolar and tip signals, simulta- 
neously recorded, shows that bipolar sens- 
ing has the following characteristics: 

1. Intrinsic deflections are increased or 
decreased, more widely variable 
compared to unipolar signals, but 
without a significant difference of the 
mean of bipolar and unipolar electro- 
grams, i.e., the scatter of bipolar is 
greater, largely because of a second 
signal, which does not appear in uni- 
polar electrograms. 

2. The duration of the intrinsic deflection 
is significantly shortened, by a mean 
of 28%., 

3. The injury currents are attenuated by 

37%. 

4. The T waves are attenuated by 34%. 

5. The far-field effects are substantially 
reduced. 



The first of these five qualities is equal for 
both unipolar and bipolar electrodes; for 
the last four the advantage is with the 
bipolar configuration. 

The sole disadvantage of the bipolar 
configuration is the wider scatter of signals 
and the possibility of ID attenuation if the 
electrodes are oriented at exactly a right 
angle to the wave propagation. Overall, 2% 
of bipolar signals are too small to be sensed 
(when the unipolar analogous signal would 
be adequate) and they are smaller than the 
unipolar tip signal in a total of 51%. In 43% 
the bipolar ID is larger than the unipolar 
and in 6% the two are equal. Bipolar S-T 




' >1v 



Fig. 4—8. Bipolar electrogram from transvenous 
electrode timed against lead 2. In this in- 
stance, large proximal and distal (or tip) 
electrograms are of almost equal amplitude 
and oriented so that two signals subtract 
and produi e a bipolar signal smaller than 
either. 
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segment elevation and distant potentials are 
smaller than those for the unipolar elec- 
trode in 96%. 

The bipolar electrode cancels far-field, 
electromagnetic, and injury signals, as 
these "noises'" arrive simultaneously and 
at equal amplitude at both poles. The ID 
otherwise almost always affects the poles 
unequally and/or nonsimultaneously and is 
augmented rather than diminished. The ef- 
fect is improvement in signal-to-noise ratio, 
caused only by the geometry of the sensing 
electrode, independent of circuit factors 
(Fig. 4-8). 

Conventional wisdom has held that bipo- 
lar sensing has been inferior to unipolar 
sensing because of the much longer unipo- 
lar dipole from the intracardiac cathode to 
the subcutaneous anode. Conversion of a 
bipolar to a unipolar system has been rec- 
ommended to improve poor sensing. 
Evaluation of a series of simultaneously 
recorded unipolar and bipolar signals from 
the same bipolar electrode, with the unipo- 
lar signal referenced to the usual position of 
the subcutaneous anode, has shown that 
the belief of bipolar sensing inferiority is 
not well founded. 

Though unipolar pacemakers have been 
more widely implanted and in greater num- 
bers than bipolar, the possibility of greater 
dispersion of electromagnetic interference 
in the world may increase the relative 
safety of bipolar compared to unipolar 
electrodes. In that circumstance be aware 
.that bipolar and unipolar pacing are virtu- 
ally equivalent. 

The factors outlined in this chapter are of 
prime importance to the comprehension of 
the remainder of this book. Knowledge of 
the physiology and technology of cardiac 
pacing is critical. The practitioner over- 
looks basic principles at his peril and that of 
his patient. The question of which electrode 
to use, large or small, unipolar or bipolar, 
and whether by thoracotomy or transve- 
nously, arises daily. The utility of pro- 
grammability of output to ascertain post- 



implant threshold, increase output to ac- 
commodate a high threshold or decrease 
output to prolong longevity is of great 
value. The cardiac electrograms describe 
generator sensing requirements, circum- 
stances in which sensing may be satisfac- 
tory or poor, and the possible methods of 
management. 
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